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Abstract  The purpose of this paper is to test for price linkages among Euro-
pean (France, Germany, and U.K.) and U.S. prices of whole fresh cod and
frozen cod fillets. In testing for a cointegrated system, we use both the two-stage
Engle-Granger and Johansen procedures. Short-run price dynamics are mea-
sured using an error-correction model. Based on monthly import price
observations from 1980 to 1992, the empirical results show no long-run price
relationships for fresh cod between European and U.S. markets, but we do mea-
sure long-run price linkages for frozen cod fillets. Within Europe the markets for
both fresh and frozen cod product are well integrated. The U.S. fresh cod market
is distinct and separate from European markets, while the U.S. frozen cod mar-
ket shows no short-run links to European markets. There is weak evidence for a
long-run international market in frozen cod fillets.
Key words   Cod, cointegration, price linkage.
Introduction
Cod fish products are widely traded internationally. A typical producing country
such as Canada or Iceland supplies markets that are widely separated geographi-
cally, such as United States and continental Europe. If international markets for cod
fish products are well integrated, one would expect that due to profit-maximization
and commodities arbitrage between markets as prices change, the prices of these
products in Europe and United States should follow a similar pattern. This implies
that the price of cod product in one market cannot diverge “too far” from prices in
other markets before market forces operate to restore a balanced price relationship
across all markets. The extent to which this is true, in a time-series framework such
a balanced price relationship will represent a cointegrated system. Short-run price
deviations are possible, but in the long-run an equilibrium relationship will exist for
the prices of cod fish product in different European and U.S. markets.
Time series techniques developed by Granger (1986) and Engle and Granger
(1987) offer a procedure to test for and to measure long-run price relationships.1
What is more, if a long-run cointegrated system exists, it must also be true that a
short-run error-correction model exists that can be used to model and to measure
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short-run price dynamics. The long-run effects of the price relationship are mea-
sured directly from the cointegrating equation, whereas, the short-run effects of the
price relationship are measured from the error-correction equation, which includes
both short-run dynamic terms and an error-correction term to ensure that a long-run
equilibrium is maintained (Hendry 1986).
The purpose of this paper is to investigate both the long-run and short-run price
relationships for imports of whole fresh cod and frozen cod fillets across three Euro-
pean countries (i.e., France, Germany, and United Kingdom) and the United States.
To simplify the empirical work we separate product forms and investigate frozen
and fresh cod products separately.2 In testing for long-run price relationships, we use
both the Engle-Granger (1987) and Johansen (1988) procedures. The Engle-Granger
test is chosen because of its simple and direct application. The Johansen test is
somewhat more complicated in application but generates test statistics with exact
limiting distributions and allows for identification of all cointegrating transforma-
tions for the set of variables examined (Hall 1986).
An investigation of international markets is of interest both for statistical mod-
eling and for policy analysis purposes. If it is observed that prices and markets for a
given commodity are not integrated internationally (i.e., prices stray persistently far
apart from one country to another) demand modeling can focus on the country/mar-
ket of interest and ignore in a statistical sense the international demand characteris-
tics for the commodity. In this way, time-series techniques can be viewed as a pre-
test procedure used in specifying the price variables in demand regressions (see
Gordon, Salvanes, and Atkins 1993). Moreover, markets which are not integrated
across countries imply that price shocks in one country will have no international
consequences. The policy implication is that trade action by one country to block
imports from a specific supplier could have long lasting economic consequences for
the supplier country. That is, the supplier cannot avoid, say, by arbitrage the long
lasting effects of the trade action. On the other hand, if international price linkages
are observed, price shocks in one country will have short-run effects on interna-
tional markets but, in the long-run, all prices must again be balanced out. Under
these conditions, trade action by one country against a specific supplier will cer-
tainly shock the system in the short-run, but a cointegrated price system ensures that
the international shock will be short lived.
Markets and Data
The data used in the analysis represent monthly import prices of fresh whole cod
and frozen cod fillets in three European countries (France, Germany, and U.K.) and
the U.S. All four countries import substantial amounts of fresh and frozen cod prod-
uct. Canada, Iceland, and Norway are major suppliers of cod products to Europe and
the U.S. The European data are collected from Eurostat and represent quantity and
value in ECU of monthly imports listing countries of origin and countries of desti-
nation. The U.S. data are obtained from the U.S. Department of Commerce and rep-
resent quantity and value in U.S.$ of monthly imports. For a consistent measure of
value the U.S. figures have been converted to ECU, using monthly exchange rates
published by the International Monetary Fund (IMF).
The U.S. import statistics distinguish between two types of frozen fillets; “ordi-
nary” fillets which are used directly, and block fillets which are used for producing
2 It is possible that frozen and fresh products are market substitutes, which could be investigated. Our
purpose here, however, is to try and show a well integrated international market at the individual prod-
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various types of products ready for the frying pan. We have used “ordinary” fillets
in our comparison with the European data.3
In table 1, the average annual value and quantity of imported fresh whole cod
and frozen cod fillets are reported for the four countries of interest (“ordinary” fil-
lets for U.S.). There have been substantial yearly fluctuations in both the value and
quantity for all four countries. In the European countries, imports of frozen cod fil-
lets have increased in value and quantity, but decreased somewhat in the U.S. over
the period of interest. The quantity of whole fresh cod has increased in both Ger-
many and the U.S., but decreased in the U.K. and France.
The monthly data series available to us cover the period of January 1980 to De-
cember 1992, representing 156 observations. Per unit prices are used in statistical
analysis and are obtained by a value quantity transformation. Unfortunately there
are some missing observations in the European data prior to 1986.4 Since the data
prior to 1991 are cumulative, it is possible to interpolate for the missing observa-
tions. This is done by assuming that the import (volume and weight) in month I, xi,
is a share si of the import in month I + 1:
xi = six1+i, si = si+12.
If Xi is the cumulative import in month I beginning with month j, we have
Xi =  xk kj
i


























= ∏ ∑  xi–1 = si–1xi. (1)
The si’s are estimated from all pair of adjacent months for which we have observa-
tions. This method of interpolation will preserve the seasonality that might be
present in the series.
The Concept of Cointegration
Many economic time series tend to change over time. If the series change in a stable
or predictable way, the mean and variance will be well defined. On the other hand, if
the series change in an unstable way, the mean and variance will change over time
(Charemza and Deadman 1992). Series which are unstable or non-stationary can of-
ten be made stable or stationary if differenced (d) one or more times, and are called
integrated series of order d, [~I(d)]. Cointegration extends the univariate concept of
integration to two or more series. Even if two variables are non-stationary, a linear
transformation of the variables may be stationary, and the variables are said to be
cointegrated. (More than two variables can generate more than one cointegrating
vector.) If cointegration is found, the cointegrating equation defines the long-run re-
lationship of the variables, but also, an error-correction model will exist to define
3 The empirical results do not change substantially if block fillets are used instead of “ordinary” fillets.
4 For the European data, sixteen monthly observations are missing over the period January 1980 to Janu-
ary 1985. The missing observations are the months 1, 2, 5–8, 10 in 1980; 2, 5, 11 in 1981; 1 in 1982; 1,
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Table 1. Fresh and Frozen Cod Product, Value, and Quantity (1980–92)
Fresh Cod Frozen Cod
Value (‘000 ECU) Quantity (Tons) Value (‘000 ECU) Quantity (Tons)
U.K.
1980 43,864 55,980 103,538 56,668
1981 34,138 40,299 116,402 57,611
1982 32,401 32,560 142,374 63,026
1983 27,151 26,606 129,581 54,146
1984 37,396 37,261 140,049 57,571
1985 45,231 42,753 173,538 63,104
1986 61,824 49,979 211,340 73,952
1987 57,107 46,841 202,175 64,482
1988 65,145 50,384 191,830 66,158
1989 65,383 48,676 195,088 70,396
1990 63,502 37,616 255,733 74,796
1991 42,871 23,906 263,730 67,249
1992 30,898 17,764 248,587 66,002
Germany
1980 5,410 5,711 15,765 9,655
1981 5,411 5,405 15,822 8,447
1982 5,429 4,000 24,518 11,968
1983 5,437 3,796 21,238 9,294
1984 6,636 5,281 21,923 9,276
1985 7,921 5,249 17,652 6,841
1986 11,192 7,244 34,125 11,399
1987 9,725 6,028 36,200 11,540
1988 16,243 17,348 38,117 12,299
1989 24,226 28,125 26,022 9,352
1990 15,674 10,687 41,663 11,757
1991 12,931 6,382 46,521 11,407
1992 13,397 7,032 54,041 13,876
France
1980 26,419 25,010 23,166 12,570
1981 27,101 24,776 26,938 13,803
1982 25,685 17,745 32,013 14,708
1983 26,115 17,217 40,091 16,993
1984 27,963 17,257 38,283 16,310
1985 29,898 16,113 44,900 16,427
1986 32,280 14,776 47,937 15,772
1987 30,001 16,190 68,969 20,942
1988 29,502 16,298 73,246 23,723
1989 38,708 21,771 81,140 27,781
1990 48,045 21,047 108,118 29,907
1991 50,881 19,481 103,804 25,559
1992 46,088 18,285 78,942 20,325
U.S.
1980 913 1,650 112,332 56,510
1981 2,575 3,342 164,614 64,222
1982 3,397 3,963 215,023 72,108
1983 5,364 5,585 258,165 77,724
1984 12,588 12,331 287,175 79,243
1985 15,208 14,090 293,196 76,375
1986 14,349 12,940 242,727 72,216
1987 14,362 11,836 291,771 78,258
1988 8,279 8,916 214,359 62,781
1989 11,484 10,792 233,798 67,142
1990 5,725 5,633 155,341 45,112
1991 5,675 5,299 168,439 38,476
1992 8,079 6,963 121,647 29,150On Prices of Fresh and Frozen Cod 227
the short-run behavior of the variables.5 On the other hand, if the two variables are
not cointegrated, standard regression analyses may lead to incorrect inferences be-
cause the time series structure of the variables are incompatible (Enders 1995).
If a long-run equilibrium relationship exists for a set of variables X, then it must
be true that a cointegrating vector γγγγγ  can be defined such that
Zt = Xtγγγγγ  ~I(0) (2)
That is, Zt (the error term) is white noise representing random disturbances from a
long-run equilibrium position; with the system again adjusting to the equilibrium.
For the case at hand, the finding of a cointegrated relationship for cod prices among
European and U.S. markets would indicate that if the price of cod product diverges
“too far” from the equilibrium level, arbitrage between markets would occur to re-
store the equilibrium. For frozen cod products, which are storable the ability to eas-
ily arbitrage across markets seems available. On the other hand, for fresh cod the
ability to move product to different markets based on short-run price shocks may be
less available to suppliers.
Engle and Granger (1987) suggest a direct test for cointegration using a two-
stage approach. First, test that each variable series is stationary after differencing d
times. Second, form the cointegrating vector and test that the errors [Zt in equation
(2)] are integrated of order zero.6 The advantage of the Engle-Granger procedure is
in the application of least squares to identify and measure a cointegrating vector.
However, the Dickey-Fuller statistic used in testing has low power in distinguishing
between unit roots and near unit roots (Enders 1995, p. 251).
Johansen (1988) and Johansen and Juselius (1990) offer an alternative proce-
dure for cointegration testing. The method relies upon the concept of canonical cor-
relations from the theory of multivariate analysis. The data are divided into a
differenced part and a levels part. Under the assumption of I(1) processes, the
differenced data are stationary. The technique of canonical correlations is used to
find linear combinations of the data in levels which are as highly correlated as pos-
sible with the differences. It follows that these linear combinations must be station-
ary or cointegrated (Dickey, Jansen, and Thornton 1991). This procedure has the ad-
vantage of being able to identify more than one cointegrating vector.
In the empirical analysis, we first apply the simple and straightforward Engle-
Granger procedure to the frozen and fresh fish cod price series and test for
cointegrating vectors. Next, we try to build on these results by applying the more com-
plicated Johansen procedure to test for the existence of more than one cointegrating
vector and to carry out hypothesis testing. Our goal is to show consistent results (or
at least not inconsistent results) using the two alternative testing procedures.
Univariate Characteristics of the Price Series
To determine the univariate stationarity properties of each of the price variables we
apply an Augmented Dickey-Fuller (ADF) test of the following form:
∆ Pit = β 0 + β T + ρ Pi,t–1 +  α γ γ γ = ∑ 1
k
it P ∆ ,–  + ε t (3)
where ∆  is the difference operator and T is a time trend (Dickey and Fuller 1979).
5 This is referred to as the “Granger Representation Theorem.”
6 See Hall (1986); Goodwin and Schroeder (1991); and Gordon, Hobbs, and Kerr (1993).Gordon and Hannesson 228
The null hypothesis is that the series is non-stationary. The null is tested based on
the “t-statistic” value of ρ  in equation (3).
In specifying equation (3), the lagged differences (∆ Pi,t–γ ) are included to ac-
count for possible autocorrelation and to ensure that the residuals (ε t) are white
noise. If too few lags are included, the size of the test changes in an unknown man-
ner, and if too many lags are included the power of the test is reduced. Accordingly,
the lag length, k, is chosen to minimize the Akaike Information Criterion (AIC)7 but,
to confirm the lag length chosen, we examine the behavior of the Dickey-Fuller sta-
tistic over a range of different lag lengths.
Using the levels of each series, we first test the null hypothesis that each price
series is ~I(1) against the alternative hypothesis of ~I(0), and report the results in
table 2. The ADF t-test statistics are evaluated using a one-tailed test at a 10% signifi-
cance level of –3.13. For both fresh and frozen cod product, the test statistics indicate a
non-rejection of the null hypothesis (i.e., the series are not stationary) for all countries. It
is worth noting that in many cases and especially for fresh cod, the lag length cho-
sen by the AIC procedure appears longer than what seems reasonable in economic
terms. The problem is that if the lag length is too long, the power of the test to reject
the null hypothesis is reduced and the existence of a unit root is questionable.
To evaluate the behavior of the ADF statistic as lag length changes, we graph
this value and report the results in figure 1a for fresh cod and in figure 1b for frozen
cod. For all prices, fresh and frozen, the value of the test statistic changes signifi-
cantly depending on lag length chosen and demonstrates the importance of lag
length in determining the ADF statistic (Gordon 1995). For fresh product the ADF
statistic, in general, rejects the null hypothesis at short lag lengths, but as lag length
increases the ADF statistic becomes insignificant. This is of particular concern for
the fresh U.S. price (figure 1a) where the AIC picks a lag length for the ADF statis-
tic in the non-rejection region, although most values of the ADF statistic over differ-
ent lag lengths are in the rejection region for the null hypothesis, i.e., the price se-
ries is stationary in levels. The problem is that if the U.S. price of fresh cod is sta-
7 The AIC procedure “meets the requirements for the ADF test statistic to converge asymptotically to the
appropriate Dickey-Fuller distribution” (Dods and Giles 1995).
Table 2.  Univariate Stationarity Tests:  ADF Statistic
Variable H0 : ~ I(1)a H0 : ~ I(2)b
Fresh Cod Fillets
PUS
c –2.89 (12)d –4.29 (12)d
PUK –1.85 (11) –4.50 (11)
PF –2.63 (12) –2.94 (12)
PG –2.34 (12) –3.94 (7)
Frozen Whole Cod
PUS –2.56 (0) –3.42 (0)
PUK –2.55 (12) –2.72 (12)
PF –2.43 (1) –3.90 (6)
PG –2.67 (7) –4.62 (7)
a The critical value for the ADF test with trend is: 90% –3.13; 95% –3.45; 99% –4.04 (Dickey and Fuller 1979).
b The critical value of the ADF test without trend is: 90% –2.58, 95% –2.89, 99% –3.51.
c The subscripts on P represent the price of cod product in United States (US), United Kingdom (UK),
France (F), and Germany (G).
d The lag length chosen by the AIC is in brackets.On Prices of Fresh and Frozen Cod 229
Figure 1a.  Augmented Dickey-Fuller Tests:  Fresh Cod Products—Levels
Figure 1b.  Augmented Dickey-Fuller Tests:  Frozen Cod Products—LevelsGordon and Hannesson 230
tionary in levels whereas the corresponding European prices are not, a cointegration
regression including all four fresh prices will be spurious and can lead to incorrect
conclusions as to the long-run relationship among the four prices.8 With this caveat
in mind, we follow the AIC procedure in setting lag length and conclude that the
price of fresh cod fish in each of the four countries is not stationary in levels and
proceed to test for stationarity in first differences. For frozen cod product (figure
1b) the ADF statistic is more erratic, changing from significant to insignificant de-
pending on lag length for France, U.K., and Germany and always insignificant for
U.S. frozen price. For this product, our conclusion of a unit root in the levels of all
four frozen price series seems warranted.
In the second column of table 2, we report the ADF test results based on the
first differenced transformation of each of the prices. [Because the test is based on
first differences, the time trend in equation (3) is not included.] Now, the null hy-
pothesis is that the price series are stationary in second differences against the alter-
native hypothesis of first difference stationary. Using the AIC procedure for choos-
ing lag length, the null hypothesis is rejected for all cases. Again, to evaluate the be-
havior of the ADF statistic at different lag lengths, we show the different values of
the test statistic at alternative lag lengths for all four countries. These results are
shown in figure 2a for fresh cod product and in figure 2b for frozen cod product.
Now, for each price series, the ADF statistic is significant for all lag lengths exam-
ined (for completeness, we also show in figure 2a and 2b the ADF statistic for a sea-
sonal, twelve month, differenced transformation of each price series. Again, the null
hypothesis cannot be rejected for all lag lengths examined). We take this as evidence
that each price series is ~I(1) and proceed to test for cointegrating vectors.
Cointegration and Error Correction Results
In applying the Engle-Granger cointegration tests, we assume joint endogeneity for
each fish price for each product form and thus there are eight cointegrating regres-
sions to examine. It is worth pointing out that the cointegration tests are done using
prices in level form (i.e., their non-stationary form) and different specifications of
the cointegration equations are estimated using seasonal dummies and time trends.
Ordinary Least Squares (OLS) is used in estimation and applied to each equation
separately (Enders 1995, p. 374). The cointegration results, shown in table 3, report
the ADF statistic, which is calculated from the estimated residuals [Zt in equation
(2)], for the final OLS regressions chosen. In testing, a small negative value of the
ADF statistic is required to reject the null hypothesis of no cointegration.
Examining the cointegration results for frozen cod fillets (row one of table 3),
indicates that only with the German price as the regressand is cointegration ob-
served among prices in the four countries. It is worth noting that the R2 statistic on
this equation is above 92%. This is important, as pointed out by Hendry (1986) and
Stock (1987), because the ability of the Engle-Granger procedure to detect the pres-
ence of cointegration is related to the size of this summary statistic. However, the
ambiguity in cointegration results across equations points out a weakness in the
Engle-Granger test procedure. If a cointegrating vector exists, it should be observed
independently of the price variable used as the regressand (Enders 1995, p. 380).
8 It is possible that all four fresh cod prices are stationary in level form, in which case, the concept of
cointegration is not relevant and econometric analysis can proceed using the levels of each series. How-
ever, in support of our conclusion of nonstationary prices, we observe no evidence of over differencing
(i.e., a positive value for the ADF test) when applying the ADF test to the first differences of each series
(Charemza and Deadman 1992, p. 133).On Prices of Fresh and Frozen Cod 231
Figure 2a.  Augmented Dickey-Fuller Tests:
Differenced Fresh Cod Products—Constant, No Trend
Figure 2b.  Augmented Dickey-Fuller Tests:
Differenced Frozen Cod Products—Constant, No TrendGordon and Hannesson 232
Consequently, the results do not provide a consistent test for the existence of a long-
run equilibrium relationship among the prices of frozen cod fillets in European and
U.S. markets. The Johansen test, which is a multivariate generalization of the
Dickey-Fuller test, will provide an alternative procedure for testing cointegration
and should provide additional information on the price linkages in the international
frozen cod market.
For whole fresh cod, the Engle-Granger results (row two of table 3) are consis-
tent across equations but provide no evidence of cointegration of prices among the
four countries. In other words, the data provide no support for long-run price link-
ages among fresh cod prices in European and U.S. markets. It is possible that the
probability structure of the U.S. price, as was noted earlier in the univariate
stationarity tests, is not compatible with the probability structure of the prices of Eu-
ropean fresh cod, resulting in non-cointegration. If so, the market for fresh cod in
European countries may be separate from the fresh cod market in the U.S. and could
form a cointegrated price system separate from the U.S. To examine this possibility
we re-estimate the cointegration equations dropping the U.S. price and report the
three country (European) test results in row three of table 3. However, for this test
all ADF statistics are larger than the critical value. Thus, dropping the U.S. price
variable from the test procedure has not changed the conclusion, and for the three
European countries, cointegration is not observed among fresh cod prices.
From these initial results there appears to be only weak (no) evidence of an inte-
grated price system for frozen (fresh) cod products in European and U.S. markets.
We are unsure, however, whether this result is because of no cointegration or be-
cause of the weakness in the Engle-Granger testing procedure. To investigate this
possibility we apply the Johansen cointegration test procedure to both frozen and
fresh cod prices and report the results in table 4. The Johansen regressions were car-
ried out using a VAR length of four. The first half of the table shows the Trace test
results, which test the null hypothesis that the number of cointegrating vectors is
less than or equal to k, where k is 0, 1, or 2. The critical test values are given in
Johansen (1988). The bottom half of the table shows the Maximum Eigenvalue test
of the null hypothesis k = 0 against the alternative k = 1, and so on. Johansen and
Juselius (1990) report critical test values for the Maximum Eigenvalue procedure.
For frozen cod fish prices both the Trace and Maximum Eigenvalue test results
show the existence of two cointegrating vectors. Dickey et al. (1991) argues that the
more cointegrating vectors that exist, the more stable the long-run price relationship.
Consequently, our results are consistent with a long-run price linkage among the
four frozen cod prices. However, it is important to determine the significance of
Table 3.  Engle-Granger Test for Cointegration
10%
Regressand PUS
a PUK PF PG Critical Valueb
Frozen Cod Filletsc
–2.09 (12)d –1.94 (12) –2.68 (10) –4.33 (12) –4.15
Fresh Whole Cod
–1.42 (12) –2.11 (11) –3.41 (12) –2.93 (10) –4.15
 – –1.76 (10) –3.10 (12) –2.94 (10) –3.84
a Subscripts on price (P) variable: United States (US), United Kingdom (UK), France (F), and Germany (G).
b Engle and Yoo 1986.
c The test is based on the model ∆ Zt = γ 0 + γ 1T + ρ Zt–1 +  β i c
k
= ∑ 1 ∆ Zt–i + ε t where Zt is the error term from
the cointegration equation (2).
d AIC chosen lag length.On Prices of Fresh and Frozen Cod 233
each price variable in the cointegrating regression, i.e., is each price variable statis-
tically important in defining the cointegrating equation. We do this by zero restric-
tion testing of the parameters in the Johansen procedure. A likelihood ratio statistic
is used in testing.9 A zero restriction test is applied to each variable separately. For
U.K., Germany, and France the null hypothesis can easily be rejected.10 However,
for the U.S. the likelihood ratio is calculated as 5.65, which allows for the rejection
of the null at the 90% level but not at the 95% level. From this test the importance
and influence of the U.S. price in defining the long-run equilibrium relationship for
frozen cod is questionable. Whatever the underlying price generating process for the
U.S., it appears to be somewhat different from the process generating European
prices. But at the 90% level we would be wrong to ignore the U.S. frozen cod price.
Our procedure is to include the U.S. price in the long-run relationship and to test for
the short-run significance of the variable in the error-correction model.
The Johansen results for fresh cod prices are reported in column two of table 4.
Both the Trace and Maximum Eigenvalue test results support the existence of one
cointegrating vector. This is contrary to the Engle-Granger results reported earlier.
We examine the characteristics of the cointegrating vector by testing the statistical
importance of each price coefficient. Using the likelihood ratio statistic, we test the
null hypothesis so that each separate price coefficient is equal to zero. Interestingly,
for the U.S. price, the test ratio is 12.24 and the zero restricted null hypothesis can
easily be rejected. On the other hand, the test ratios for U.K., Germany, and France
(0.28, 0.1, and 0.4 respectively) are less than the critical χ 1
2 (= 2.71) at the 90%
level and appears to indicate that the three European prices do not belong in the
cointegrating regression. We suspect that the problem is fundamental to the prob-
ability structure of the variables. The test results are not inconsistent with a
cointegrating vector of (1, 0, 0, 0) with the U.S. coefficient being 1. Rather than in-
dicating a cointegrated relationship, this result is consistent with our earlier suspi-




ie X = ∑ 1
2 11 λλ  where e is the number of eigenvalues and
λ k and λ  are the eigenvalues for the restricted and unrestricted models respectively.
10 The calculated ratio for U.K. is 27.34, for Germany is 42.33 and for France is 24.52.  The critical  χ 2
2
is 4.61 at the 90% level and 5.99 at the 95% level.
Table 4.  Johansen Test for Cointegration:  Cod Fish Prices
in U.K., U.S., Germany, and France
Test Statistic Critical Value
H0
a Frozen Fresh Freshb Freshc
Trace Test
k = 0 87.8 47.9 43.9 47.2
k = 1 37.4 26.8 26.7 29.5
k = 2 9.4 9.6 13.3 15.2
Maximum Eigenvalue
k = 0 k = 1 50.4 31.9 24.7 27.2
k = 1 k = 2 27.9 19.7 18.7 20.8
k = 2 k = 3 6.9 9.1 12.1 14.0
a Tested against a general alternative.
b 90% significance level (Johansen and Juselius 1990).
c 95% significance level (Johansen and Juselius 1990).Gordon and Hannesson 234
cion that the U.S. price is probably stationary in levels and should not be included
with European prices in a cointegrating regression.
Dropping the U.S. price we re-estimate the Johansen procedure for European
prices of fresh cod only. Now, for the three price system the Johansen results are
consistent with the existence of one cointegrating equation. Consequently, for fresh
cod prices we conclude that a long-run equilibrium system does not exist for Euro-
pean and U.S. prices combined, but does exist for European prices only. This leads
us to conclude that U.S. and European markets for fresh cod are not linked and are
independent in price formation.
In summing up, a long-run price relationship for fresh cod between European
and U.S. markets is not supported by either the Engle-Granger or Johansen test pro-
cedures. Based on the data used, this indicates that prices of fresh cod between the
two regions can deviate substantially with no common factors forcing price linkage.
What is more and perhaps somewhat surprising, the evidence for a long-run interna-
tional price linkage in the frozen cod market is statistically weak. The Engle-
Granger test shows inconsistent results subject to the normalization used in testing,
and the Johansen results show that a zero restriction test on the influence of the U.S.
price in the cointegrating vector cannot be rejected at the 95% level, but can be re-
jected at the 90% level. We proceed on the conclusion that long-run price linkages
exist for frozen cod in European and U.S. markets, but in the fresh cod market, the
price linkage only extends to European countries.
In the second phase of testing, an error-correction model is used to explain
short-run dynamic movements for both frozen and fresh cod prices. For frozen cod a
four country model (France, Germany, U.K., and U.S.) will be used; whereas, for
fresh cod, only European prices will be used in specification. A general short-run er-
ror-correction model is specified as (Engle and Granger 1987):
∆ yit = ρ iZit–1 + lagged(∆ Xit, ∆ yit) + eit (4)
where y and the vector X represent the different fish prices and Zit–1 is the lagged
value of the estimated error term from equation (2). Quantity Zit–1 is included to al-
low for long-run equilibrium adjustments, and ∆ Xit and ∆ yit are included to allow for
short-run dynamic behavior. Quantity eit is a random error term. Three equations are
defined for the fresh cod market and four equations for the frozen cod market.
Enders (1995 p. 376) argues that “OLS is an efficient estimation strategy since each
equation contains the same set of regressors.”
Again assuming joint endogeneity for the different fish prices, we estimate vari-
ous specifications of the error-correction model and test various lag structures. We
follow Enders (1995) in model specification using a minimum AIC procedure for lag
determination and testing the error terms for white noise. The estimated parameters
for the final equations chosen are reported in table 5, for the three country (Euro-
pean) fresh whole cod market and in table 6, for the four country (U.S. and Euro-
pean) frozen cod fillet market.
In table 5, the error-correction term (Zt–1) in all three equations is negative and
statistically significant at standard levels. This is consistent with a cointegrated sys-
tem and shows that short-run shocks to the system are short lived, and that the equi-
librium price path will be regained (Charemza and Deadman 1992, p. 146). In the
U.K. and German equations, short-run changes in the French price, current and
lagged, have a positive and significant effect in these markets. Also, the U.K. price
lagged seems to be an important variable impacting on price changes in these mar-
kets. In the French market, current values of the change in U.K. and German prices
are important factors in determining the change in French prices, but, as well, pastOn Prices of Fresh and Frozen Cod 235




a ∆ PUK ∆ PF ∆ PG
Zt–1 –0.0957 –0.5939 –0.32814 –0.6897
(0.0323)b (0.0785) (0.0756) (0.0727)
∆ PUK – – 0.21352 –
(0.0744)
∆ PUK–1 – – 0.10575 –
(0.0757)
∆ PF – 0.17988 – 0.25376
(0.0744) (0.105)
∆ PF–1 – – –0.2698 –
(0.0776)
∆ PG – 0.0923 0.1075 –
(0.0456) (0.0448)
R2 0.491 0.2745 0.2792 0.3717
AIC 0.021861 0.015736 0.014961 0.33151
a ∆  represents the change transformation. The subscript on price (P): United States (US), United King-
dom (UK), France (F), and Germany (G). Lagged co-integration error term (Zt–1).
b Standard error in parenthesis.




a ∆ PF ∆ PG
Zt–1 –0.171 –0.2205 –0.433
(0.0488)b (0.07) (0.0617)
∆ PUK – 0.616 –
(0.123)
∆ PUK–1 –0.21993 – 0.3643
(0.0776) (0.1521)
∆ PF 0.1912 – 0.4575
(0.0399) (0.084)
∆ PF–1 0.062 –0.2094 –
(0.044) (0.0755)
∆ PF–2 – –0.2986 0.3804
(0.072) (0.0837)
∆ PG – 0.3151 –
(0.053)
R2 0.244 0.3664 0.4182
AIC 0.00969 0.0277 0.04348
a ∆  represents the change transformation. The subscript on price (P): United States (US), United King-
dom (UK), France (F), and Germany (G). Lagged co-integration error term (Zt–1).
b Standard error in parenthesis.Gordon and Hannesson 236
lagged values of the French price are significant. Overall, the markets appear well
integrated with the French price, and perhaps the French market, as the dominant
factors in the European fresh cod market.
The results for the frozen whole cod market are reported in table 6. There are a
number of interesting points to this table. If we look to the European equations only,
we see similar results in the frozen market as were found in the fresh market. France
still plays the dominate role in influencing prices in the U.K. and German markets,
but now changes in the German price impact on the U.K. market with the U.K. price
having minimum impact in all three markets. Noticeably absent in all three Euro-
pean equations is changes in the U.S. frozen cod fillet price. Apparently, changes in
the U.S. price have no short-run influence on European markets. Moreover, looking
at the U.S. equation we see that changes in European prices have no impact on the
short-run U.S. frozen cod fillet price and, what is more, only the error-correction
term is significant. This can be interpreted as showing little or no short-run price
linkage between the U.S. and European markets, however, the significant error-cor-
rection term does support our argument that a long-run price balance prevails.
Comments and Conclusions
With the prior belief that world fish markets are well-integrated, we expect to ob-
serve long-run cointegrated fish price systems, which means that there exists a long-
run path that all prices in the system move towards. In our study, markets and sup-
pliers separated in space cointegration can be characterized as suppliers taking ad-
vantage of profitable price movements to arbitrage across spatial markets. For fro-
zen cod fillets we observe some evidence of long-run price linkages across U.S. and
European markets. However, we find no short-run price linkages between the U.S.
market and European markets. In other words, price shocks in the U.S. market do
not appear to initiate price changes in European markets, in the short-run, and con-
versely. Over the long-term it appears that frozen prices must converge to an equi-
librium price path. We do, however, observe a well-integrated short-run European
market for frozen cod fillets. What is more, it appears that the French market plays
the dominant role in influencing prices in both the German and U.K. markets. Nev-
ertheless, movements in German and U.K. prices are not without influence in the
French market.
In the U.S. and European frozen cod fillet market, the absence of short-run price
linkages may be the result of contractual arrangements between buyers and sellers,
which negates short-run commodities arbitrage. However, with spot markets for fish
products in both the U.S. and Europe this explanation does not seem plausible. A
more subtle explanation would be that sellers have, in each market, set up contacts
and marketing arrangements to move product and are reluctant to alter these ar-
rangements in response to short-run and perhaps transitory price shocks. In addition,
there exists some constraints on the production side, in that, fillets for the U.S. mar-
ket are somewhat different from those marketed in Europe (wrapped in cellophane,
boneless) and more costly. In order to switch from producing for European markets
to the U.S. market, producers have to make changes in their production set-up.
In the fresh whole cod market, we find no long-run price linkages between U.S.
and European markets. This result is somewhat surprising because even if there is
no substitution on the consumption side, producers can change their allocation of
raw fish in response to changes in the prices of final products (Gordon, Hannesson,
and Bibb 1993). This ought to prevent prices from diverging “too far” apart. But, appar-
ently there exists no equilibrium path for prices to converge, and moreover, it appearsOn Prices of Fresh and Frozen Cod 237
that the two markets are not linked. In other words, prices of fresh whole cod in these
two markets can diverge substantially and persistently over time. On the other hand, the
European market for fresh whole cod shows both long-run and short-run price link-
ages with again the French market playing the major role in setting price.
Some interesting policy implications may result from the conclusions of this
study. Consider the consequences of trade action by a major fish importing country
to restrict the imports of fish from a specific supplier. This analysis is motivated by
recent threats of trade action by the U.S. government to restrict the imports of fish
from Iceland and Norway because of the whaling policies of these two northern
countries. (Iceland and Norway both supply the U.S. market with substantial
amounts of frozen cod fish.) Is such a threat credible in the sense of imposing sub-
stantial economic costs on the trade restricted supplier countries?
In a world market, if fish prices are well integrated in the sense that a
cointegrated system of prices exist, then trade restrictions against a specific supplier
by a major importing country will result in shocks to the price system, but such
shocks would not be long lasting. Suppliers of non-restricted fish products would re-
spond to price shocks and arbitrage across markets allowing restricted product to
move into non-restricted market areas. Consequently, although short-run shocks
cannot be avoided, one would expect that in a cointegrated system, such trade action
by a fish importer would not have significant impact on the price of fish, nor in
causing substantial damage to the restricted importing countries.
If the results of this study are valid, trade action by the U.S. against Iceland or
Norway, at least in the frozen cod market, is not a credible action to cause long last-
ing economic damage to these countries. There is evidence of long-run linkages be-
tween U.S. and European prices, and consequently, trade restrictions by the U.S.
will have only a short-run impact on prices in the world frozen cod market with
prices eventually returning to the equilibrium path.
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